Research on future-oriented mental time travel (FMTT) is highly active yet somewhat unruly. I believe this is due, in large part, to the complexity of both the tasks used to test FMTT and the concepts involved. Extraordinary care is a necessity when grappling with such complex and perplexing metaphysical constructs as self and time and their co-instantiation in memory. In this review, I first discuss the relation between future mental time travel and types of memory (episodic and semantic). I then examine the nature of both the types of self-knowledge assumed to be projected into the future and the types of temporalities that constitute projective temporal experience. Finally, I argue that a person lacking episodic memory should nonetheless be able to imagine a personal future by virtue of (1) the fact that semantic, as well as episodic, memory can be self-referential, (2) autonoetic awareness is not a prerequisite for FMTT, and (3) semantic memory does, in fact, enable certain forms of personally oriented FMTT.
INTRODUCTION

A
ll organisms capable of long-term memory necessarily are oriented toward the future. 1 A feature of memory possibly unique to humans, however, is complexity and temporal range of futureoriented imaginings (for reviews, see . The more complex, flexible, and temporally extensive our future-oriented mentation, the more purposeful and proactive our responses can be to our environment. 5, 6 By virtue of this sophistication, our species can both anticipate and plan for future contingencies that transcend our current needs and motivational states. 2, 4, 6 From an adaptive standpoint, a capacity to imagine and plan for one's personal future (especially plans not tied to current drives and needs), based, in large part, on memory of past circumstances and contingencies, confers an enormous selective advantage on its possessor.
Memory is a system created by natural selection: 7, 8 It exists in its present form because that arrangement solved certain recurrent problems faced by the organism in its evolutionary past (memory, as will become clear as this review proceeds, is best conceived not as a system, but rather as a set of functionally independent, though normally interacting, systems). Evolution does not produce new, complex, metabolically costly phenotypic systems by chance. 9, 10 Such systems acquire their functional organization because they contributed to the organism's ability to survive and reproduce. 10, 11 An evolved system, defined with respect to functionality, consists in those component processes-and their coordinated interactions-necessary to accomplish specific adaptive tasks. For an organism to behave more appropriately (i.e., more adaptively) at a later time because of experiences at an earlier time, the organism must be equipped not only with mechanisms that retrieve ontogenetically acquired information. Many features of human memory have been designed by evolution to interface with systems for long-term anticipation and planning.
societies which, in turn, served as the foundation for subsequent development of cities, states, and nations. 3, [13] [14] [15] [16] Much of human mental life and its cultural products-norms, written and material resources, symbolic representation, abstract thought, science, religion, social complexity-derives from our capacity to orient toward, and plan with respect to, an uncertain but potentially controllable future. In fact, Klein et al. 6 have proposed that it is possible that memory enabled humans, over the course of evolutionary history, to be aware of the future before we were able to consciously experience the past. Regardless of whether that proposal turns out to be correct, an understanding of the inherently futureoriented nature of information processing is essential for understanding the functional properties of human memory.
In this paper, I first review the history of psychological investigations into the human ability to mentally travel into the future (i.e., future-oriented mental time travel; hereafter FMTT). I then address three of the key 'players' in this ability-that is, memory, self, and subjective temporality-with the goals of (1) explicating their causal roles in FMTT, as well as (2) clarifying their conceptualizations in the context of FMTT.
I conclude that, compared to the largely descriptive work that characterized early forays into FMTT, psychological science has made considerable advances in the past two decades. However, much remains to be done with regard to the conceptual sophistication of our constructs and appreciation of their roles in enabling the multiplicity of types of subjective temporalities that make up the category of FMTT.
REVIEW OF RESEARCH ON FMTT
The earliest known Western writing to relate subjective temporality and memory dates from the 8th Century BC. In his Theogony, Hesiod contends that the ability to transcend objective time is made possible by the faculty of human memory. An opposing view, voiced by Aristotle (384-322 BC) in his classic study of memory, De Memoria, makes it clear that 'the object of memory is the past' (cited in Ref 17, p. 13) . The future, by contrast, is not known by memory but rather by acts of anticipation.
The Aristotelian position dominated intellectual discourse on the relation between time and memory for the next two millennia. Thus we find Augustine of Hippo (354-430 AD) arguing: 'The time of present things past is memory, the time of present things present is direct experience and the time of present things future is expectation.' (Confessions, Book 11, chapter 20, heading 26).
a Although Monastic authorities of the Middle Ages proposed various emendations of the concept of memory, its relation to the past served as a stable resting place for discourse.
By the 18th century, conditions were falling into place for a loosening of the Aristotelian grip on the connection between memory and the past. The scientific revolution was sweeping through Europe and soon became a leading force for cultural change. Scientific explanation began to overshadow and replace philosophical and theological 'truths' that had dominated continental thought for nearly two millennia (though often with considerable opposition). By the 19th century, science, with its promise that the future was more important than the past, rapidly was becoming the prevailing cultural weltanschauung. 18 It was not until the late into the 19th century that memory was accorded the status of an object of scientific inquiry. In 1887, Bradley, 19 influenced by Darwin's landmark principles of natural selection, adopted a stance contrary to the one which had dominated the intellectual landscape for nearly 2000 years. In contrast to previous concern with saddling memory to a particular temporal location (i.e., past, future) he proposed-in keeping with an evolutionary agenda-a more functional analysis. His thesis, in agreement with Hesiod (though likely for different reasons), held that memory must, of adaptive necessity, be oriented toward the future.
'Why is our memory directed towards our incoming sensations and towards the (temporal) side from which change comes? . . . The answer, in a word, is practical necessity . . . Life being a process of decay and of continual repair and struggle throughout against dangers, our thoughts, if we care to live, must mainly go the way of anticipation. We are concerned practically with what meets us and what we go to meet, and this practical concern has formed the main habit of our thought.' (Bradley, pp. 581-582, Ref 19;  word in parentheses added for textual clarification).
For much of the next century, discussion of the relation between memory and future-oriented temporal experience remained mostly in the province of philosophy, while mainstream psychological work on memory and time was devoted largely to its more intuitive relation to the past. Some psychologists, however, did take an interest in what might be termed 'future orientation'-that is, the manner in which an individual's thought about, or orientation toward, the future influences their behavior-albeit with little regard to possible mechanisms (memorial or otherwise) underpinning the human ability to imagine the nonexistent future. This work, whose beginnings trace to the early 1950s (for reviews, see Refs 20, 21 ) examined a diversity of topics such as the part played by future-orientation on life-span development, 22, 23 delinquent behavior, 24, 25 emotions, 26 impulse control, 27-29 motivation, 30 academic achievement, 31 and mental illness. 32, 33 Most, if not all, this work treated future-oriented thought as a variable which people might use or be affected by. Influenced by hard-line positivism's informal ban on black-box psychology (i.e., behaviorism), the cognitive and neural underpinnings of future-orientation seldom figured in the discussion.
All that changed in the mid-1980s when Endel Tulving 34 observed that patient K.C. (then called N.N., or No Name)-a man evidencing complete retrograde and anterograde episodic amnesia-not only was unable to recall his personal past, but also was unable to imagine his future. Around this time, two conceptually sophisticated, though, of necessity, somewhat speculative papers on the role of memory in future-oriented thought (largely consistent with Tulving's empirical observations) were published by Ingvar. 35, 36 The empirical observations and theoretical work provided by Tulving and Ingvar represents the origins of our 'modern' interests in the relation between memory and the ability to orient toward and imagine the future.
It was not until 1996 however, that the relation between memory and FMTT began to take the form of what would become a major growth-industry in psychology. Research commenced at a modest pace, but over the last 5 years (2007-2012) there has been a 10-fold increase in investigative activity, with more than 80 publications from that period on display. In addition to cognitive and neuroscientific research on FMTT, personality and social psychology, which had not devoted much attention to the topic since the late 1970s, also evidenced renewed fascination with mental time travel. For example, in 2012 a special issue of the European Journal of Social Psychology was devoted exclusively to questions pertaining to the topic.
Before discussing this body of work (which constitutes the main body of this paper), I briefly mention four key publications that appeared in 1996 and 1997 which set the stage for much of what followed. Two conceptual treatments 4 40 Their patient, D.B., whose episodic deficits were comparable in severity to those of K.C., provided evidence for a dissociation between type of memory and type of temporality. As anticipated from previous work, 34,38 D.B. showed an inability to recollect events from his personal past as well as to project himself into the future. By contrast, the relation between his semantic memory (largely intact 41 ) and FMTT revealed the opposite pattern: D.B. could both remember nonpersonal events and imagine nonpersonal future scenarios.
Klein and colleagues drew two general conclusions from this study. First, the classic dissociation between semantic and episodic memory for facts and personally experienced events could be replicated when an episodically impaired patient was asked to imagine the future. Second, the relation between memory and future-orientation could not be captured by a single type of temporal subjectivity. As D.B. (and, as we will see, more recent studies) showed, the type of temporality one experiences appears to depend, at least in part, on the type of memory required by task demands: Tasks that encourage episodic projection (e.g., 'What do you think will you eat for lunch today?') promote a form of temporal projection that enables one to position oneself in the future (Klein and colleagues termed this 'lived time'). By contrast, tasks relying for their performance on semantic knowledge appeared to promote impersonal (that is, public) forms of temporal projection. Klein and colleagues termed this 'known time' (e.g., 'In the next 10 years the environment will face the following challenges').
These temporal divisions drew inspiration from McTaggart's 42 partition of temporality into two basic types: Temporality experienced as a constant flow from future to present to past, with the temporal designators continually changing ontological status (e.g., what once was future now is present, what once was present now is past, etc.) and temporal experience as a fixed, earlier-later (or before-after) chronology in which temporal placement of an event is invariant (e.g., April 4th, 1982 is, and always will be, prior to April 4th, 1983). Klein While this now may seem obvious, keep in mind that prior to the 1990s, research investigating the relation between time and memory focused almost exclusively on memory's orientation to the past (prospective memory being the obvious exception; e.g., Ref 44) . For example, in the volume Time and Memory, 45 only approximately 13 of more than 400 pages examining the relation between memory and time were devoted to memory's role in imagining or thinking about the future.
THE DOMINANCE OF THE EPISODIC MEMORY MODEL OF FMTT: 'ONE-SIZE-FITS-ALL'
As the relation between memory and future-oriented thought became more widely appreciated, theoretical, and empirical papers began to appear at an impressive rate. This work dealt almost exclusively with the role of a particular type of memory-episodic-in FMTT. One possible explanation for this restrictive focus on the type of memory involved-with two notable exceptions-Atance and O'Neill 43 and Klein et al. 40 -previous research and theory had examined only the effects of episodic memory 10, 37 and its impairment. 34, 38 Under these circumstances, researchers with a developing interest in FMTT simply may have overlooked the possibility that different types of memory contribute to futureoriented temporal experience. Regardless, only a part of the intricate relation between memory and FMTT was being addressed.
Investigations of the role of episodic memory in FMTT were impressive both in their quantity and diversity. They included-but were not limited to-its neural correlates, 46-53 developmental progression, [54] [55] [56] evolutionary implications, 4, 6, 57, 58 the specificity and detail of imagined scenarios, 39, 46, 59, 60 narrative ability, 52 relation to imagined thoughts of others, 61 personal well-being, 62 and neurological status-for example, amnesia, 40, 51, 52, 56, 59, 63 Alzheimer's disease, 64 schizophrenia, 65 and depression. 39, 66, 67 For most of the past decade investigative attention remained fixed on the episodic component of long-term memory. Terms such as 'episodic future thought' 53, 60, [68] [69] [70] 'episodic simulation/construction', 46, 63, 71 'episodic selfprojection', 49 and 'episodic foresight' 57, 72, 73 became the lingua franca of the field.
However, review papers published toward the end the first decade of the 21st century began to voice concern over possibility that episodic exclusivity might be an unnecessary constraint on full appreciation of the memorial underpinnings of FMTT. Specifically, by 2007, a number of theoretical treatments of FMTT voiced concerns-based largely on evolutionary and conceptual considerations-about the wisdom of a purely episodic approach. 5, 70, [73] [74] [75] Thus, Suddendorf and Corballis 5 argue 'Construction of future and past episodes both depend in parts on semantic memory. . .' (p. 302). But, for the most part, empirical support for this position did not begin to appear with any frequency until 2011.
Worries over the explanatory adequacy of the episodic memory approach to FMTT also were expressed by investigators encountering difficulty framing their findings within the context of the episodic model. 50, [76] [77] [78] For example, patients with developmental episodic amnesia (as a result of hippocampal damage) sometimes retained the ability to imagine future experiences (Refs 59,78; but see Ref 56) . Explanations adhering largely to the episodic model argued that these patients possessed residual hippocampal function that could support futureprojection. 59, 78 However, these findings also are consistent with the possibility that both episodic and semantic memory support FMTT. It thus remained a live question whether semantic memory by itself, or in interaction with partially intact episodic function (inferred from residual hippocampal activity), supported future-oriented imagination found in these studies. 79 who showed that individuals suffering semantic dementia (with corresponding impairment of semantic memory) had difficulty constructing novel future scenarios despite largely intact episodic function. The authors concluded that semantic memory is a necessary component of future-oriented thought. Consistent with these findings, Duval et al. 80 showed that patients experiencing early to moderate stages of semantic dementia experience impaired future-oriented selfprojection future regardless of whether the task performed was designed to access semantic or episodic memory. Taken together, these findings suggest that semantic memory not only is sufficient for FMTT (at least for certain forms). It may be necessary as well.
SEMANTIC MEMORY RETURNS TO THE REALM OF THE POSSIBLE
Additional support for semantic FMTT comes from the case of patient J.R., who, following surgical treatment for temporal lobe epilepsy showed preserved episodic function alongside selective impairment of semantic memory. 81 Unlike the dementia patients studied by Duval et al., 80 J.R. was able to recall the personal past and imagine a personal future. However, his impersonal future thinking seriously was impaired in both temporal directions from the present. In combination with findings from patient D.B., this case suggests the possibility of a double dissociation between type of memory (episodic and semantic) and the ability to imagine types (personal and nonpersonal) of future scenarios.
Studies performed with nonmemory impaired individuals also have begun to erode the sustainability of a purely episodic model of FMTT. For example, it now has been shown that the ability to construct future-oriented simulations of novel events requires contributions from both episodic and semantic memory. 77 Along similar lines, work by D'Argembeau and colleagues 69, 82 demonstrates that thinking about oneself in the future draws on personal resources from both semantic and episodic memory. And Viard et al. 83 have demonstrated that healthy adults rely on both episodic and semantic resources to envision future events.
In a study specifically designed to examine the brain areas associated with personal and nonpersonal future thought (which the authors align with episodic and semantic memory, respectively), Abraham et al. 84 found no brain regions that selectively activated for nonpersonal future thinking. However, a problem drawing conclusions from this research is that the authors' choice of self-referential tasks does not permit clear inferences about the memory systems (semantic and episodic) underlying self-referential experience (for discussion of the difficulties involved in drawing inferences about the type of memory systems supporting self-referential task performance, see Ref 85) .
Evolutionary, Developmental, and Ethological Support for the Semantic Contributions to FMTT
As mentioned, a focus on the episodic component of future-oriented mental projection limited appreciation of the complexities of FMTT. Thus far I have discussed the memorial implications of this overly restrictive analysis. I turn now to the unintended consequences of an exclusively episodic model for making sense of evolutionary, ethological and developmental findings and theory.
Nonhuman animals have been hypothesized to lack episodic memory (Refs 34,86,87; but see Ref 88 ). An implication of this argument is that if an episodic model of mental time travel is correct, then the ability to engage in FMTT is uniquely human. 4, 5, 34 Nonhuman animals, lacking episodic memory, are, of conceptual necessity, unable to engage in any form of mental time travel 89, 90 : They are subjectively stuck in the present. 91 Similar limitations in subjective temporality have been held to apply to children prior to the age of 4-the time at which episodic abilities are assumed to take on a more adult-like function. 4, [92] [93] [94] [95] However, philosophical, 96 evolutionary, 6, 57, 58 and ethological considerations, 88,97-100 as well as developmental research, [101] [102] [103] [104] call into question the validity of the proposed constraints on temporal perspective. For example, work by Clayton and her colleagues have shown that scrub jays appear capable of hiding food in a manner that strongly suggests an appreciation of future contingencies and personal needs (for review, see Ref 88) .
Given current limitations in our knowledge of the ability of nonhuman animals to anticipate and plan for future states of its organism and environment, it is prudent to restrict consideration to animals with well-developed central nervous systems (Escherichia coli and yeasts would thus fail to meet this requirement). There are important differences between acts that can be characterized as 'anticipation' and the neurocognitive representational states they engender. Anticipatory behaviors in primitive beings are likely to be largely reflexive, unaccompanied by the representational states and intentionality we associate with more advanced forms of planning. However, since evolution builds on existing adaptations, 10 these primitive anticipatory responses very well may have served as part of the neural scaffolding that eventuated in the more sophisticated forms of planning on evidence in mammals, reptiles, avian and other highly evolved species. With these caveats in place, it follows that since information processing is inherently prospective, 7, 19, 105 an inability to anticipate and plan for future contingencies would be an evolutionary dead-end for animals that depend for their survival (and hence reproductive success) on such fitnessenhancing adaptations. Clearly, this is not the case. As noted, all organisms capable of long-term memory are, of adaptive necessity, oriented toward the future. What distinguish adult humans from other animals and young children are not temporal projective abilities, per se, but rather the sophistication of these abilities: The anticipatory and planning skills of adult humans are more complex, flexible and temporally extensive, and thus can be more purposeful and proactive in response to the environment. 2, 6 By virtue of this sophistication, our species, unlike others, can anticipate and plan for future contingencies in a manner that transcends current needs and motivational states (Refs 5,6, but see Ref 106) . Indeed, an entire subfield of human memory research is predicated on the assumption that the ability to plan for future contingencies is so essential that memory exhibits special mnemonic capacities when oriented toward future-oriented survival concerns. [107] [108] [109] An evolved capacity to imagine and plan for future contingencies confers an enormous selective advantage on its possessor. 6, 57, 58, 109 To require animals-human or otherwise-to navigate their worlds absent anticipatory abilities would be to render them extinct by definitional fiat. More to the point, such a presumption is inconsistent with research on both young children and nonhuman beings. 73, 88, 96, 102, [104] [105] [106] While it may seem that the types of temporal orientation discussed in this section comprise a different category of temporal thought from that taken as the object of most current FMTT investigations, this prejudice is neither logically nor empirically supportable. I address this issue-that is, the diversity of experiences that qualify as forms of future-oriented temporal projection-later in this review.
Summing up Types of FMTT and Types of Memory
In a review of recent findings on the role of episodic memory in FMTT, Addis I concur with these sentiments. However, I take things a bit farther. First, while episodic memory unambiguously participates in some types of FMTT, 40 ,81 it appears to be neither a necessary nor sufficient condition for many of the forms of FMTT (e.g., anticipation, simulation, foresight, personal continuity, etc.) thus far examined (for a related view, see Ref 75) .
b Patient populations with known episodic deficits (e.g., autistic 110 ) have been found to possess the ability to anticipate the future welfare of others 111 as well as complete tasks requiring simulation of future-oriented events. 112 In the latter case, patient performance was statistically equivalent to that of nonautistic controls. Moreover, analysis revealed that a substantial portion of the material generated during future-oriented simulation was from semantic memory. 112 Finally, MartinOrdas et al. 72 recently reviewed the phenomenon of episodic foresight in young children and concluded that semantic memory likely plays an important role, although precise specification of its contributions awaits further research.
However, since these studies examine individuals with partially functioning episodic abilities, their findings cannot rule out a role for episodic memory (a similar concern applies to patients manifesting selective or partial semantic impairments). More compelling, therefore, are data obtained from the small subset of amnesic patients (D.B. and K.C.) who evidence complete absence of episodic recollection 40, 113 yet still can engage in forms of FMTT (the FMTT abilities displayed by these patients is described below). These findings, considered in conjunction with those of patients suffering more limited episodic impairment (e.g., autism 112 ) or largely intact episodic function (e.g., semantic dementia79) offer strong support for the argument that although episodic memory contributes some types of future imaginings, it is neither necessary nor sufficient for a variety of FMTT manifestations.
Second, recent research also supports the proposal that semantic memory is both necessary and, in many cases, sufficient for future-oriented projections of both personal 113, 114 and impersonal 40, 81 mental time travel. For example, patient K.C., despite lacking an ability to imagine himself in the future, 34 nonetheless could make personally relevant future-oriented decisions. 113 And, patient D.B, despite complete absence of episodic recollective ability, was able to imagine future-oriented public scenarios. 40 In contrast, impairments of semantic memory (coupled with intact episodic function) can wreak havoc on a patient's ability to engage in certain forms FMTT. 79,80c Logical considerations also suggest that resources in semantic memory may be necessary for the subjective temporality (e.g., the ability to represent a time as a concept whose constituent identities-past, present, and future-are in a constant state of change; the ability to represent two-place relations between the variables such as 'earlier' and 'later', as well as relations such as temporal transitivity). Moreover, as recent empirical treatments have demonstrated 77 and conceptual analyses have concluded, 54, 75, 76 semantic knowledge (often in the form of generalized scripts) likely provides the conceptual scaffolding necessary to construct novel, future-oriented ''episodic'' scenarios.
At a minimum, semantic knowledge appears necessary 79, 80 and possibly sufficient 79, 80, 113 for the successful performance of a wide range of futureoriented tasks. In contrast, the episodic system does not need to be functional for an individual to engage in a number of forms of FMTT.
Interestingly, it may turn out to be the case that semantic memory, rather than episodic memory, is the key component of the vast majority of future-oriented mental abilities. While these considerations clearly are not conclusive, I do think they (1) demonstrate that the challenges facing a purely episodic model of FMTT are quite severe, and (2) suggest ways in which we can achieve a more empirically warranted and theoretically satisfying understanding of the relation(s) between FMTT and the memory systems involved.
FMTT: BEYOND THE EPISODIC/SEMANTIC DISTINCTION
While it now is clear that semantic memory contributes in a variety of ways to FMTT, 40, 69, 75, 77, [79] [80] [81] 114 new work suggests we may need to further widen our conceptual net to capture the neurocognitive complexity of FMTT. For example, Zeithamova et al. 115 have suggested that in addition to memory, other cognitive systems (e.g., perceptual) are involved in the ability to successfully plan for future contingencies. Similar sentiments are found in de Vito et al. 116 who argue that executive function plays a crucial role in Parkinson's patients' successful performance on future thinking tasks. Arzy et al. 117 have shown that brain areas associated with mental imaging must be taken into account for some forms of FMTT. And, discussing their work with children age 4 and under, Suddendorf and his colleagues contend that the human capacity for foresight depends, to an important degree, on cognitive abilities that fall outside the domain of memory proper. 104 These data appear to be telling us that full appreciation of FMTT requires we expand the scope of our investigations beyond the type of memory systems assumed causally efficacious and acknowledge that other neurocognitive systems play a role in our ability to orient toward the future. 5, 75, 76 And, as we saw in the case of memory, these other systems are not unitary either in their composition or in their effects on FMTT. With this in mind, I turn to next consideration of two core 'other' constituents of FMTT-subjective temporality and the self. 40 ,71,118
TYPES OF SUBJECTIVE TEMPORALITY
As noted, a conceptual limitation of many early studies of FMTT was that investigators frequently treated temporal experience as though it were a unitary construct. It is not. Beginning with McTaggart; 42 (though related ideas stretch back to antiquity 119 ) these have been seen as two dominant, d nonreducible, types of subjective temporality. [120] [121] [122] One (which McTaggart called the A-series) views time as the flowing of events from future to present to past. In this scheme, events continually change temporal identity-that which once was future becomes present and that which is present will, with time's flow, recede further into the past. A second view (the Bseries) conceptualizes temporality as a set of static relations between events: Events pre-exist in temporal association (running 'earlier' to 'later') and thus never change positions: 123 Time is frozen into an unchanging pattern of 'before and after'. 120, 121, 124 Drawing on these ideas, Klein et al. 40 argued that the type of temporality experienced in FMTT takes one of two forms: 'lived' and 'known'. The former, corresponding to McTaggart's A-series, enables a person to experience time as a moving present. This was held to be the time of episodic recollection.
However, as I hope has been made apparent, Klein et al.'s 40 proposed correlation between types of temporal subjectivity and systems of memory is too simple to capture the richness of temporal experience. As documented in the historical review section of this paper, there is a diversity of forms of subjective temporality enabling a person to project him or herself into the future-including, but not limited to-mental simulation, scenario construction, forecasting, self-continuity (i.e., personal diachronicity), foresight, anticipation, and planning (for reviews, see Refs 20, 21, 126, 127) . McTaggart's A and B series can be seen as basic categories of subjective temporality, e each supporting a subset of specific temporal experiences.
f While each type of future-oriented temporality can (sometimes with considerable effort) be mapped onto either the A or the B series, each has its own neurocognitive properties that enable distinct forms of subjective temporal experience. 73, 74, 118 FMTT consists in a complex set of instances that manifest themselves in multiple ways: each enables a conceptually, experientially, and empirically distinct form of temporal experience. Accordingly, FMTT is unlikely to submit to analysis in terms of one, or a few, underlying mechanisms.
We need to be more nuanced about what it is that we refer to when we use the term FMTT. Is it our ability to construct personal future scenarios, to construct public future scenarios, to plan for future contingencies, to anticipate events, our sense of personal continuity, our ability to make future-oriented judgments, predict our future feelings, attitudes and beliefs? Absent a firm conceptual grounding, the term FMTT becomes a 'catch-all' that masks the fact that different forms of subjective temporality, each with their own set of partially overlapping neurological constituents, play a role in the different tasks we use to probe our ability to orient toward the future.
TYPES OF SELVES: A CASE FOR MULTIPLICITY AND FOR THE POSSIBILITY OF PERSONAL FMTT BASED ON KNOWLEDGE OF SELF IN SEMANTIC MEMORY
The evidence presented likely has left the impression that, in the vast majority of cases, FMTT based on semantic memory is limited to the construction of nonpersonal scenarios. 40, 84 Such a restriction, as noted, would have dire consequences for an animal's chances for survival: It is essential to be able not only to imagine a future, but to imagine a future in which one is an agent. 18, 128, 129 The diversity and success of nonhuman species-dating back several billion years-suggests semantic-based future self-projection not only is possible but may be normative (at least in organisms with sufficient neural complexity to engage in representational forms of mental time travel).
For example, humans lacking all access to episodic memory can experience FMTT of a personal, agentive nature. There are a number of reasons this should not be surprising. First, despite initial belief that semantic memory lacked a self-referential component, 130, 131 it now is well known that semantic memory stores information about one's self (Refs 132-137; for review see Refs 138, 139) . Self-referential semantic memory includes, but is not limited to, facts about one's life (e.g., name, occupation, favorite foods; Refs 135, 139, 140) , personal goals, 69 personal attitudes, 141 a sense of personal diachronicity [141] [142] [143] [144] and knowledge of one's personality. Accordingly, episodic impairment, even cases sufficiently severe to cover a person's entire life, does not render the person necessarily incapable of imagining or anticipating his or her future. Consider again patient D.B. Cognizant of his cognitive deficits, he expressed frequent concern for his personal future. 146 That is, he saw himself as a person who existed in the present and would continue to exist in the future: He had a clear sense of being a temporal continuant. This diachronic personal knowledge, of neurological necessity, must have been derived largely from his intact corpus of semantic self-knowledge. 139, 140, 146 A similar conclusion can be drawn from the case of H.C., a young woman who suffered severe episodic amnesia as a result of congenital loss of bilateral hippocampal function. None-theless she was able to generate plausible, futureoriented self-referential scenarios. 114 The investigators concluded that since her performance could not be attributed to hippocampal function, it likely was the result of preserved knowledge contained in semantic memory. And a recent investigation of patient K.C. demonstrated that his ability to make future-oriented personally-relevant decisions was preserved despite his complete lack of access to episodic memory. 113 Clearly, at least some forms of future-oriented selfprojection draw on resources in semantic memory.
In short, the type of self-knowledge recruited for personal projection into the future admits to variety of instantiations. This is because self-knowledge resides both in episodic and semantic memory. Moreover, within a particular memory system, several different, functionally dissociable, aspects of self have been identified (for recent reviews, see Refs 140, 143, 145) . Accordingly, the specific manner in which memory is interrogated plays a critical role in whether future-oriented semantic FMTT will be public or personal. 40, 71, 84, 114 To date, most investigations of FMTT have involved scenarios and simulations designed (at least a priori) to draw on material from episodic memory. However, when one takes into account that (1) there are multiple forms of FMTT, (2) self-knowledge can be episodic and semantic, and (3) the manner in which a FMTT task is constructed plays a critical role in determining the type of self/memory contributions elicited, the possibility for semantic FMTT of a self-referential and personal nature transitions from a theoretical possibility to an empirical certainty.
FMTT and the Autonoetic/Noetic Awareness Hypothesis
One reason for the widely held assumption that episodic and semantic memory differ with respect to the type of temporal awareness they enable 37,49,68,69,80,93,147 may be Tulving's influential distinction between types of memory and types of subjective temporal experience. On this view, episodic memory enables autonoetic awareness, while semantic memory enables a type of awareness he terms noetic. 34, 86, 87, 118, 135, 148 Autonoetic awareness is defined as 'self-knowing': When autonoetically aware, the individual is held to focus awareness on his or her own subjective experience. Autonoetic remembering is also characterized by '. . . a unique awareness of reexperiencing here and now something that happened before, at another time and in another place' (Tulving, p. 68; Ref 148) .
By contrast, noetic awareness occurs when one thinks objectively about something one knows. 3, 6 Individual are said to be noetically aware 'when they retrieve general information in the absence of a feeling of re-experiencing the past' (Spuznar, p. 144; Ref 75). Accordingly, 'Only 'autonoetic consciousness' is thought to bear a personally meaningful relation to time' (Szpunar & Tulving, 118 p. 4). Autnoetic and noetic awareness align naturally with episodic and semantic modes of remembering, respectively. 34, 148 Moreover, only autonoetic memorial experience is assumed capable of providing the phenomenal requirements for mental time travel (see also Ref 4) . Accordingly, the self of episodic memory is tied directly to temporally rich autonoetic experience. By contrast, the experience of semantic knowledge (i.e., noetic) is a mode of experiencing lacking subjective temporality. These considerations may help explain the focus on the role played by episodic memory in FMTT.
It is widely recognized that the autonoetic hypothesis does good work when applied to experience of the past. It is unclear, however, whether (or how) this ability transfers to experience of the future. Most psychologists and philosophers agree that there is 'something it is like' to re-experience past events. But, is this experience required for a future-oriented imagining? Certainly one cannot 'relive' or 'reexperience' an as-yet nonexistent set of circumstances (whether personal or public). Although an autonoetic-FMTT connection has intuitive appeal (both reliving the past and imagining the future are, after all, forms mental time travel), there are serious metaphysical, epistemological, and experiential differences between past experience and future imaginings (for review, see . Beyond intuition and stipulation, what are the causally or logically necessary conditions that link autonoetic awareness to future temporal experience? It is far from obvious that conceptual considerations alone can support the importation of autonoetic principles across temporal boundaries.
If logical analysis cannot do the needed work, perhaps empirical evidence can justify an intrinsic connection between episodic memory and autonoetic future-directed experience. So, does relevant empiricism exist? Yes-but it is not entirely supportive.
Take, for example, the case of Zasetsky, a Russian soldier in WWII. 153 As a result of battle, he suffered massive neural damage to areas controlling higher cortical functions such as the analysis, synthesis, and organization of complex associations. He was aphasic, perceptually and proprioceptively disoriented, hemianopic, densely episodically amnesic (both antrograde and retrograde) though he maintained (heavily compromised) semantic function. According to Luria, Zasetsky struggled to piece together the fragments of a once clear sense of identity and self-understanding with only the slimmest of cognitive resources available to him. Eventually, under the extraordinarily patient tutelage of Luria and others, Zasetsky slowly and painfully regained a rudimentary ability to read, write, and perform basic bodily functions. Consequently, he was able to provide Luria with a record of his thoughts and feelings.
Although there are many remarkable aspects of this case study, I focus on one with direct relevance to the presumed relation between autonoetic selfprojection and episodic memory. Despite Zasetsky's monumental loss of access to epistemological bases of self-knowledge (both episodic and, to a lesser degree, semantic), he exhibited both an ability and a desire to plan for his personal future. He was aware of his deficits and greatly troubled by their effects on his ability to place himself physically, temporally, and spatially. Yet, and this is the key point, he was not stuck in the present. He had clear goals designed to improve his personal misfortune and consciously expressed an unambiguous motivation to carry them forward. In the end, it was this subjectively felt determination to live a better life that led Zasetsky to undertake an arduous rehabilitative program that enabled him to regain partial contact with the external world and aspects of self-knowledge rendered temporarily unavailable to subjective awareness. In short, while he often professed an inability consciously to place himself in a specific future circumstance, he was not stuck in the 'now'. The future was selfreferential, it was a subjective reality which embodied the potential fruition of the personal goals he took such heroic measures to achieve.
Consider next the case of patient R.B. R.B. suffered a very rare form of amnesia in which his episodic memory came loose from its self-referential moorings:
154 R.B. was able to relive personally experienced events, yet was unable to experience those events as his own! He maintained both the content and the mode of episodic memory experience, but had lost direct awareness that these experiences were his (for a related case, see Ref 155) . He could, of course, infer from the content of the experiences that they must be his, but direct feeling of the 'mineness' of his episodic experience was lacking (similar coming apart of ownership and content of experience often is found in cases of schizophrenia; Ref 156) .
With respect to FMTT, R.B. had no difficulty forming highly detailed, often personal, plans despite the separation of personal ownership and personal content. 146, 154 Thus, while R.B. maintains access to episodic self-referential content, this content has broken free of its autonoetic moorings and thus cannot present itself to itself (i.e., self-reflexively). One possibility is that his intact semantic-self provided both the necessary content and a personal grounding. Regardless of whether this explanation is viable, the fact remains that R.B. could imagine a personal future despite severely compromised autonoetic abilities.
h Taken together with the findings from patients K.C., D.B., and H.C., these cases suggest that the connection between types of memory and types of temporal awareness is considerably more complicated than often envisioned.
i The stipulation that only episodic memory enables one to project oneself into the future might seem a profitable way to align types of memory experience with subjective temporality. The empirical evidence, however, is not entirely cooperative. Rather, research supports the following provisional conclusion: Semantic memory, whether in the presence of partially or fully impaired episodic memory, enables an individual to imagine a personal future, 114 make future-oriented personal judgments and plans 113, 153, 154 and have a sense of oneself as a temporal continuant. [142] [143] [144] 146 
Summing Up
Given what we now know about self-referential nature of both episodic and semantic memory, it appears unjustified to assume that semantic-based FMTT tasks are restricted knowledge in the public domain. McTaggart's 42 A and B temporal series certainly do not require such asymmetry: The A and B series both appear capable of supporting future-oriented self-awareness. 120, 121, 157 Nor, contra Klein et al. 40 do personal and nonpersonal future projections map in any simple manner onto specific systems of memory.
If experimental tasks are constructed to encourage a person to (1) imagine, anticipate or plan for the future (or focus on scenarios requiring personal temporal continuance), and (2) utilize the specific types of self-knowledge represented in semantic memory, there is no reason why semantically based future imaginings cannot be self-referential. Realization of these possibilities is found in a number of recent investigations. 82, 113, 114, 154 
CONCLUSIONS AND CONSIDERATIONS
FMTT is an extremely complex and perplexing, yet important, ability. 1, [5] [6] [7] 58, 71, 76, 118 It confers on its owner a capacity to imagine and prepare for the 'now and the next'. Although the present review describes some of the conceptual and empirical progress achieved in explicating this essential function, much work remains.
A full understanding of FMTT requires appreciation of the incredible complexity of the undertaking. Broadening our conceptual appreciation of the 'key players' in future-oriented subjectivity is needed on several levels. The type of memory supporting FMTT is not restricted to episodic function: Semantic memory also supports forms of mental time travel. 40, 76, 114 Indeed, it would be surprising if (unlike most longterm memory activity) episodic and semantic memory did not jointly contribute to future temporality.
Second, subjective temporality takes a variety of forms (e.g., planning, anticipation, goals, forecasting, projection, diachronicity, imagined scenarios). Though likely related either to the A and B temporal series, specific instances sharing category membership are not obviously reducible, one to the other, and thus affect FMTT in highly individualized ways. Specific forms of temporality can be personal or public, self-referential, other-referential, or even object-referential. There is no one necessary connection between types of subjective temporality and type of memory.
The self-the presumed agent and focus of most FMTT investigations-consists in a multiplicity of representations contained both in episodic and semantic memory. 85, 132, 135, 139, 140, 145 Accordingly, the finding that personal forms of temporal projection entail self-referential activity does not license conclusions about the specific system of memory mediating self-referential temporal experiences. 85 Finally, given the complexity of the factors involved, task construction is likely to play a major role in determining which conclusions about the factors enabling FMTT are warranted. 158 This particularly is true of studies examining the neural correlates of FMTT. 159 Given the number and variety of processes involved in the multiplicity of subjective experiences categorized as FMTT, it will be essential for brain imaging studies to be vigilant with regard to conceptual and empirical considerations justifying their assumptions about the psychological referents of neural activation. 160, 161 Until the perplexing, multifaceted relation between the self, subjective temporality and memory is better understood, activation in the hippocampus-or elsewhere in the brain-does not license strong inferences about which type(s) of memory (or of self, or of temporality) are correlated with neural activity.
The task of explicating FMTT is extraordinarily difficult. This is to be expected of any endeavor that takes as its subject matter two of the most complex and contentious metaphysical questions capable of being addressed-self and time. Although memory may be seen by some 162 to be a relatively research-friendly target of investigation, reflection on its nature-that is, a system that makes possible the mental representations of self and time-suggests assumed tractability simplifies the issues involved greatly. 18 While the magnitude and complexity of the topics addressed in this review is daunting, progress is being made. That progress, as I see it, derives mostly from an increased appreciation of the complexity of the undertaking. By contrast, much of the empirical evidence currently on hand has conceptual and definitional ambiguities that make it hard to be certain what our findings are telling us. As Heisenberg 163 points out, learning the right questions to ask of nature is often more than halfway to the solution of a problem. And knowing what one is looking for is a precondition for finding those answers.
Despite concerns, it is essential not to be discouraged by what, at present, appears to me an extraordinarily difficult problem accompanied by a somewhat untidy set of findings. We should not be disheartened by lack of clear answers in a field of research whose current incarnation is very recent, and whose topics embody among the deepest metaphysical mysteries. Understanding the conditions that enable a person to project him or herself into a 'nonexistent' future is among the most conceptually complex, but important questions we can ask. As Danziger (Ref 18; p. 21) sagely observes, opening windows to shed light on difficult topics 'is likely to bring advantages when compared to a life behind shutters, even if the view outside is somewhat limited and distorted'.
Any headway we make will have immense relevance to our appreciation of what it means to be human. FMTT resides at the heart of what enables our species to have progressed to a point of cultural, social, intellectual, moral, technological and scientific sophistication unparalleled by life on our planet.
NOTES
a The author wishes to thank Liliann Manning and her colleagues whose excellent historical research brought to my attention the views of both Hesiod and St. Augustine on the relation between time and memory. b This argument obviously trades on acceptance of the idea that FMTT cannot be construed as a unique or single form of subjective awareness. Instead, it is best characterized as a category consisting in a diverse collection of types of subjective temporalities that constitute its specific instances. This multiple realizability conception will be discussed later in this review. c The finding that patients lacking episodic memory 34, 40 cannot imagine a personal future (but, see Refs 113, 114) , suggests that certain tasks preclude semantic time travel into the personal future. It does not, however, warrant the conclusion that, absent episodic memory, all forms of FMTT are rendered unavailable. For example, personal diachronicity-the sense that one is a temporal continuant-is a form of FMTT that does not require the availability of any episodic recollective ability. 146 More on this later. d In fact, McTaggart 42 suggests additional temporal systems (what he terms 'series'; e.g., the C and D series). However, these conceptualizations either can be show to be conceptually incoherent or they collapse into the A or B series 120 .
e Note that there is considerable discussion among philosophers concerning whether the A and B series are both necessary (for review, see Refs 120, 122) or even whether the experience of temporality is an illusion. 123 These concerns, while the subject of considerable debate, will not be discussed here. f Although some have suggested that the A series is self-centered (or episodic) and that the B series is observer independent (or semantic; Ref 118) , such mappings are not obvious. These time series are, after all, subjective, not objective temporal instantiations: They require a subjective presence to make them 'real' (e.g., the fact that 1993 came after 1983 has no consequence unless there is someone to represent that fact). As such, both the A and B series cease to hold any meaning unless they constitute part of someone's conceptual reality (additional support for these assertions will be presented in the next section). g Given this intermixing of memory systems and forms of self-knowledge, it often is difficult to be certain whether a particular self-referential task is drawing on knowledge contained in episodic or semantic memory. 85 This becomes relevant to the present discussion when one realizes that investigators often equate personal (i.e., self-referential) forms of time travel with episodic memory and nonpersonal forms with semantic memory content (i.e., nonselfreferential; Refs 40, 84, 117) . Dividing the conceptual pie in this manner invites confusion between types of temporal experience and types of memory-based self-knowledge. h Of course, it remains a fact that patients such as K.C. and D.B. were consciously unable to imagine themselves engaging in certain future activities (e.g., 'what will you do tomorrow?'). However, my position is not that autonoetic future-oriented projection is unrelated to episodic memory. My point is that if such a connection can be shown to exist, it will be relational, rather than intrinsic, to that system. i A number of the arguments advanced in this review draw on data from patients suffering varying degrees of amnesia. While this may appear to be a limitation with regard to generality, it does have the merit of putting hypotheses to the test in a context in which the episodic and semantic components of memory performance can be relatively-well pried apart. Specifically, when participants have access to both episodic and semantic memory, it is difficult to rule out interplay between the two systems in the performance of experimental tasks and therefore difficult to compellingly demonstrate their respective contributions to task performance (for discussion, see Refs 41, 140) .
Amnesic patients, by contrast, provide a particularly effective method for testing the functional independence of semantic and episodic memory because these patients typically display intact semantic memory with impaired access to episodic memory (or, less commonly, intact episodic memory in the presence of semantic impairment). Therefore, it is possible with amnesic patients to test semantic memory contributions to FMTT with reasonable assurance that episodic memory is not involved (and vice versa).
However, interpretation of the data from amnesic patients requires caution. A now compromised, but once functioning, memory system may still drive rudimentary capacities. For example, the finding that an amnesic patient still is capable of semantic prospection need not entail that the same semantic prospection is possible by an infant or an animal that does not have episodic capacities. Suddendorf and Corballis, 5 for instance, argued that humans increasingly use semantic prospection as they get older, but that this dovetails on a fundamental episodic ability: 'Predictions can increasingly be made by abstract rules (i.e., using semantic prospection) rather than through imagination of individual future events. Retaining details of individual events becomes less important the more over-arching principles have been deduced. Good prediction depends on the right balance of semantic and episodic information.' (Ref 5, p. 312).
So interpretation of the neuropsychological cases presented, at least as far as conclusions about evolution and development are concerned, requires awareness of the limits of its applicability. However, as I hope this review has demonstrated, most of my conclusions with respect to FMTT do not rest exclusively on data from patients with neural dysfunction.
